Significance of an opiate mechanism in the adjustment of cerebrocortical oxygen consumption and blood flow during hypercapnic stress.
The role of adrenal medulla-derived enkephalins in the control of hypercapnic cerebrocortical blood flow (CBF) and oxygen consumption (CMRO2) was investigated in the ketamine anesthetized rat. Three experimental interventions were utilized: inhibition of opioid receptors with naloxone, decrease of adrenal enkephalin production with chronic adrenal medullectomy, and treatment of adrenal demedullated animals with the synthetic enkephalin analog, D-Ala2, N-Me-Phe4, Gly5-ol-enkephalin (DAGO). In intact, untreated animals hypercapnia increased CBF and CMRO2 by approximately 300 and 35%, respectively. Naloxone reduced the hypercapnic increase of CBF, and transformed the hypercapnic increase of CMRO2 into a decrease. The mid-points of the dose-response curves for (1)-naloxone and (d)-naloxone were 10 micrograms/kg and 100 micrograms/kg, respectively. Adrenal demedullation and treatment with (1)-naloxone (0.2 mg/kg) decreased the hypercapnic CBF and CMRO2 by approximately 50%. DAGO treatment of adrenal demedullated animals restored the hypercapnic CBF and CMRO2 to values similar to those found in intact animals. These observations suggest that opioid peptides (most likely adrenal medulla-derived enkephalins) play a significant role in the regulation of CMRO2 and CBF during moderate hypercapnia.